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Phylogenetic trees were constructed for 24 partial nucleotide sequences of the nonstructural polyprotein
(ORF1) and structural polyprotein regions (ORF2) of Korean IAPV genotypes, as well as eight previously
reported IAPV sequences from various countries. Most of the Korean genotypes formed a distinct cluster,
separate from other country genotypes. To investigate this phenomenon in more detail, three complete
IAPV genome sequences were identiﬁed from different regions in Korea, i.e., Korea1, Korea2, and Korea3.
These sequences were aligned with eight previously reported complete genome sequences and various
genome regions were compared. The Korean IAPVs were very similar to those from China and Israel, but
highly diverged from USA and Australian genotypes. Interestingly, they showed greater variability than
the USA and Australian genotypes in ORF1, but highly similar to the Australian genotype in the ORF2
region. Thus, genetic recombination may account for the spatial distance between the Korean IAPV
genotypes and those from other countries.
& 2013 Elsevier Inc. All rights reserved.Introduction
The honeybee, Apis mellifera, is the world's most economically
important insect pollinator and over one-third of the human diet
is considered to depend on honeybee pollination (McGregor, 1976;
Delaplane and Mayer, 2000). The market value of the food
pollinated by honeybees exceeds $US 212 billion worldwide
(Gallai et al., 2009). However, the health and vigor of honeybees
worldwide are compromised by various disease agents, including
viruses, bacteria, fungi, protozoa, and parasitic mites (Bailey and
Ball, 1991; Ellis and Munn, 2005). Viruses are probably the least
well understood of these pathogenic agents, due to a lack of
information about the fundamental dynamics of viral disease
outbreaks.ll rights reserved.
Disease Research Laboratory,
ong, Anyang 420-480, SouthIsrael acute paralysis virus (IAPV) infections of bees are char-
acterized by shivering wings, followed by progression to paralysis
and death outside the hive. IAPV was ﬁrst detected in Israel (Maori
et al., 2007) but was later found to have a global distribution (Cox-
Foster et al., 2007; Blanchard et al., 2008; Palacios et al., 2008). The
presence of IAPV has been strongly correlated with a new
syndrome in honeybees that has caused losses in the USA and
Europe, which is known as colony collapse disorder (CCD) (Cox-
Foster et al., 2007). IAPV has been characterized as a new member
of the Dicistroviridae family and is closely related to the Kashmir
bee virus (KBV) and Acute bee paralysis virus (ABPV), although it
differs genetically and serologically (Maori et al., 2007).
IAPV is a positive-strand RNA virus that contains two long open
reading frames (ORFs), which are separated by an intergenic region.
The 5′-ORF encodes a nonstructural polyprotein (Maori et al., 2007)
that contains several signature sequences for a helicase, protease, and
RNA-dependent RNA polymerase. The structural polyprotein, which is
located downstream of the nonstructural polyprotein, encodes two
capsid proteins (Maori et al., 2007).
Despite the worldwide distribution and frequency of honeybee
virus strains, very few studies have focused on the genetic
diversity of these viruses. Direct sequencing of amplicons and
phylogenetic analyses of sequences can provide insights into the
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may even allow the prediction of virus taxonomies, which has
already been achieved in many cases (Berenyi et al., 2007; Tapaszti
et al., 2009; Reddy et al., 2013).
To the best of our knowledge, very few studies have focused on
IAPV infection in Korea, so the present study was to be the ﬁrst to
analyze and report the complete nucleotide sequences of three
IAPV genomes from South Korea and compared them with the
nucleotide sequences of IAPV genotypes from different countries.
The phylogenetic relatedness of the partial nucleotide sequences
of the IAPV nonstructural polyprotein region (ORF1) and the
structural polyprotein region (ORF2) were also analyzed in strains
from different regions of South Korea to assess the genetic
relationships among IAPV strains with various geographic origins.IAPV_GS (KC690237)
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Fig. 1. Phylogenetic tree showing IAPV genotypes from Korea and other countries.
The nucleotide sequences of the partial nonstructural polyprotein regions of 24
A. mellifera IAPV genotypes from different Korean regions (the ﬁnal two capital
letters of each sample name indicate their place of origin) and eight A. mellifera
IAPV genotypes from other countries were aligned using CLUSTALW. The phyloge-
netic tree was constructed with MEGA5 using the neighbor-joining method. The
accession number of each viral sequence is indicated in parentheses.Results
Detection of the IAPV samples
Initially, two primer pairs were used to screen for the presence
of IAPV in 89 colonies of A. mellifera samples, ﬁnally 24 infected
samples were identiﬁed in the present study.
Phylogenetic analysis of IAPV nonstructural polyprotein region
and structural polyprotein region genotypes
Phylogenetic trees were constructed for the Korean IAPV partial
nonstructural polyprotein regions and structural polyprotein
regions, which were compared with previously reported IAPV
sequences from various countries. The partial nonstructural poly-
protein region shared 95–99% sequence identity among Korean
isolates, while the Korean genotypes shared 91–98% similarity
with genotypes from other countries. The structural polyprotein
region shared 93–99% identity among the Korean genotypes and
89–98% homology with genotypes from other countries. The
Korean genotypes were highly conserved and they formed geo-
graphically separated sub-clusters, which were distinct from
genotypes from other countries. Most of the genotypes were
separated from those identiﬁed in the USA and Australia. However,
a small number were closely related to China, Israel1, Israel2, and
Australia. Compared with the structural polyprotein region, the
nonstructural polyprotein region exhibited greater diversity com-
pared with the genotypes from other countries.
The phylogenetic tree based on the partial nonstructural polypro-
tein region sequences had a very different topology where the IAPV
genotypes were separated completely from the KBV genome
sequence, which was used as an external node (Fig. 1). As shown in
the tree, the Australian (91–93%) and USA genotypes (93–94%) were
clearly segregated from Korean genotypes, which formed separate
branches. The isolates investigated were highly conserved and they
formed three sub-clusters. However, IAPV_AD, IAPV_GW, IAPV_MG,
IAPV_SJ1, and IAPV_SJ2 Korean genotypes were separated and shared
greater similarity with the China, Israel1, and Israel2 genotypes (96–
98%), compared with the remaining Korean genotypes, and together
they formed a separate sub-cluster (Fig. 1). In the tree based on the
partial structural polyprotein region, all of the IAPV genotypes were
separated as a main branch from the KBV genotype, which was used
as an external node (Fig. 2). The second main branch divided into two
main groups. One main group contained the investigated Korean
genotypes (except for IAPV_AD and IAPV_MG) with 94–99% similarity
and it was also sub-divided into small sub-clusters. The second main
group contained genotypes from different countries and the Korean
IAPV_AD and IAPV_MG genotypes. In this group, the USA strains
formed a separate sub-cluster. Interestingly, the IAPV_AD and
IAPV_MG Korean genotypes were more similar (97–98%) to thosefrom Australia (92% for the ORF1 region) than the remaining Korean
genotypes.
Phylogenetic analysis of complete IAPV genome sequences
A phylogenetic analysis was conducted using the complete Korea1,
Korea2, and Korea3 IAPV genome sequences, and the results were
compared with previously reported complete IAPV genome sequences
(Fig. 3). As shown in Fig. 3, the tree diverged to form two main
branches. All of the IAPV genotypes formed the ﬁrst main branch,
while the KBV genome was highly diverged (76–77%) and formed a
second main branch. The IAPV genotypes in the ﬁrst main branch split
into two sub-branches. One sub-branch contained the Australian
genotype while the second sub-branch split into two groups, one of
which contained all of the USA genotypes and the other contained the
Korea1, Korea2, Korea3, China, Israel1, and Israel2 genotypes. Thus,
three Korean genotypes and the Chinese genotype sub-clustered with
the Israeli genotypes.
Comparison of the variability between different IAPV genomic regions
Three complete Korean IAPV genome sequences were identi-
ﬁed from different regions in Korea and they were aligned with
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Fig. 2. Phylogenetic tree showing IAPV genotypes from Korea and other countries.
The nucleotide sequences of the partial structural polyprotein regions of 24
A. mellifera IAPV genotypes from different Korean regions (the ﬁnal two capital
letters of each sample name indicate their place of origin) and eight A. mellifera
IAPV genotypes from other countries were aligned using CLUSTALW. The phyloge-
netic tree was constructed with MEGA5 using the neighbor-joining method. The
accession number of each viral sequence is indicated in parentheses.
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Fig. 3. The complete IAPV genome sequences of Korea1, Korea2, Korea3, and eight
other complete IAPV genome sequences from GenBank database were used to
construct a phylogenetic tree with MEGA5 using the neighbor-joining method with
Kimura's two-parameter model, and the bootstrap values were based on 1000
replicates. The accession number of each viral sequence is indicated in parentheses.
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regions in the complete IAPV genome sequences. The complete
Korean IAPV genomes contained 9457 nucleotides (nt), 9456 nt,
and 9455 nt (excluding the poly-A tail) in Korea1, Korea2, and
Korea3, respectively. The complete Korean IAPV genomes con-
tained two ORF regions, which were separated by an intergenic
region. The structures of the Korean IAPV polyprotein regions and
all of the other expected gene products were the same as those
described by Maori et al. (2007). The complete Korean IAPV
genome sequences were highly conserved (97–98%) and they
shared 93–97% similarity with the genotypes from other countries.
A detailed analysis of the different genomic regions identiﬁed
some interesting variations among the sequences. Table 3 shows a
comparison of different genomic regions from the complete
Korean genome sequences with homologous regions in the geno-
types from other countries. The starting length of the 5′-UTR
varied among the genotypes, although this region had high
homology in all of the genotypes.
The Korean nonstructural polyprotein region (ORF1) measured
5853 nt and it was interesting in terms of the overall sequence
diversity among the genotypes. The Korean genotypes were highly
conserved (97%) and shared high similarity with China, Israel1, and
Israel2, but less similarity with the genotypes from Australia (92%)
and the USA (92–94%) (Fig. 4). Nucleotide substitutions were
frequent in the ﬁnal third of the ORF1 region in the Korean,
Australian, and USA genotypes.
The two ORFs in the Korean IAPV genotypes were separated by
a 183 nt intergenic region. This region was highly conserved in the
Korean genotypes, i.e., Korea2 and Korea3 were 100% identical.
However, this region of Korea1 shared 100% similarity with those
in the Israel1, USA1, and USA2 IAPV genotypes.
The structural polyprotein region (ORF2) contained 2727 nt and
shared higher similarity (94–98%) with those of the genotypes
from different countries compared with the ORF1 region (92–97%).
However, there were more nucleotide substitution differences
between the Korean and USA genotypes in a ca. 361 nt region
(approximately at nt positions 7370–7730 based on the complete
Israel1 genome). In this region, the Korean genotypes shared high
sequence identity with the China (98%) genotype and low simi-
larity with USA4 (94%).
The length of the 3′-UTR region varied among the genotypes.
This region was almost identical in the Korean genotypes (99%)
and more similar to the USA and Israel isolates than the Chinese
and Australian isolates.Fig. 4. Similarity plot of the three complete South Korean IAPV genome sequences
and seven other complete IAPV genome sequences (available in GenBank), which
were compared with the complete Israel2 IAPV genotype sequence as a reference.
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tributions of the full-length sequence differences between the
Korean and other IAPV genomes were plotted using Israel2 as a
reference (Fig. 4). The conserved areas in the 5′-UTR, intergenic
region, and ﬁnal half of the ORF2 region were highly similar
among all of the genotypes, whereas there were high levels of
diversity between the Korean and USA genotypes in the entire
ORF1 region and the middle of the ORF2 region (Fig. 4). Interest-
ingly, the Korean genotypes showed greater diversity than the
Australian genotype in the ORF1 region but were more conserved
in the ORF2 region. Overall the genome sequences of the Korean
IAPVs had close genetic relationships to the Chinese (97%) and
both Israeli genotypes but were highly diverged compared with
the USA and Australian genotypes (93%).Discussion
Molecular comparison of different genotypes is an exact and
reliable method because it detects changes in genetic information
throughout the course of evaluation and the results can be
evaluated statistically.
The present study comprised a phylogenetic analysis of partial
nonstructural and structural polyprotein regions, and complete
genome sequence comparisons of different IAPV strains. Pre-
viously, the genetic diversity levels of four honeybee viruses,
i.e., SBV, ABPV, DWV, and BQCV, were investigated using the same
methods that were employed in the present study of IAPV
(Grabensteiner et al., 2001; Bakonyi et al., 2002; Berenyi et al.,
2007; Reddy et al., 2013). Virus strains from the same continent or
the same country had higher levels of similarity while a phyloge-
netic analysis detected unambiguous genetic clustering of strains
according to their geographical origins.
The partial nonstructural and structural polyprotein regions of
the Korean genotypes showed great variation among genotypes
and they formed distinct sub-clusters, which were supported by
the bootstrap analysis. This variation may have been caused by
recombination events at various positions in the Korean and other
virus genotypes (especially those from the USA and Australia).
Recombination events have been reported in picornaviruses and
other insect or vector-borne viruses (Holmes et al., 1999; Lukashev
et al., 2003; Palacios et al., 2008; Noh et al., 2013). The Korean
IAPV_AD, IAPV_GW, IAPV_MG, IAPV_SJ1, and IAPV_SJ2 genotypes
clustered with different isolates in separate groups. Interestingly,
all of these genotypes were obtained from Gyeongsangbuk pro-
vince. Crop plants are abundant in this province and crop polli-
nators may meet because bees from local apiaries are provided by
commercial, migratory beekeepers who transport their bees
throughout the country to meet the pollination demands.
In speciﬁc time windows, particularly when the crops are in
bloom, the demand often leads to the importation of large
numbers of hives from different regions of the country into a
small geographical area. These factors may contribute to the
genetic separation of variants, such as the unexpected clustering
of some Korean genotypes from other Korean IAPV genotypes.
Similar results were observed in the phylogenetic trees con-
structed for Japanese DWV and Korean BQCV strains (Kojima
et al., 2011; Noh et al., 2013). ORF1 generally had a higher level
of sequence divergence and the diversity rates between the
Korean and other sequences were comparatively higher than those
in ORF2. ORF1 encodes a nonstructural protein and the exact role
of this region is still unknown in viruses that infect invertebrates
(Leat et al., 2000). However, in several vertebrate viruses, the
nonstructural proteins are responsible for differences in the
virulence of strains (Wicker et al., 2006; Tews et al., 2009).The comparison of the IAPV sequences identiﬁed a typical
pattern in the diversity of the different genomic regions. The
Korean 5′- and 3′-UTRs were highly homologous with various
country genotypes. Both of these areas are non-coding regions,
which are close to the ORFs. These areas usually play central roles
in transcription initiation and they regulate the expression of
genes. The ORF1 regions of the USA and Australian genotypes were
more variable than those of the strains from Korea and others. The
ORF1 region contains the characteristic motifs of a helicase,
protease, and RNA-dependent RNA polymerase (RdRp), so this
variation might be explained by intramolecular recombination
between genotypes. The ORF1 regions of the Korean genotypes
were highly divergent from that of the Australian strain but shared
high similarity in the ORF2 region. This observation may be
compatible with in vivo recombination or it could be an artifact
due to the assembly of sequences from coinfecting viruses that
occurred during PCR ampliﬁcation. Similar results were observed
in 5′- and 3′-ends of the Israeli genome (Palacios et al., 2008). The
intergenic regions were highly homologous and they included the
majority of the stem-loop structures predicted for the IRES
sequences of IAPV and other dicistroviruses (Leat et al., 2000;
Nakashima et al., 1999). Their functions might explain the high
degree of sequence conservation.
The phylogenetic analysis based on the complete genome
sequences differentiated the genotypes based on their origins.
The Korean genotypes were separated from the isolates from
Australia and the USA, whereas they had a close genetic relation-
ship with the Chinese genotype. The spatial distance and the
ecological barriers between Korea, Australia, and the USA may
explain the divergence among these IAPV genotypes. China is
geographically close to Korea so the exchange of bee populations is
expected to be frequent, which may explain the genetic relation-
ship between the Korean and Chinese IAPV genotypes.
The molecular comparison provided insights into the variability
among IAPV strains from different geographic areas, as well as the
relationships among genotypes, and these observations support
the concept of the geographical segregation of bee virus geno-
types. In the present study, the IAPV genotypes involved with the
recombination events were not identiﬁed exactly. Thus, further
studies are needed to identify the exact processes involved with
the possible recombination events in the most frequently affected
genomic regions. The RT-PCR assays performed in the present
study are a sensitive and reliable method for the detection and
classiﬁcation of IAPV genotypes from different regions of Korea
and they may be valuable for identifying other Korean IAPV
genotypes, which may increase our knowledge of the pathology
of this virus.Materials and methods
Sample collection
Adult honeybees, A. mellifera, were collected from different
regions of South Korea between March and October, 2012. A total
of 89 samples was collected and each sample comprised ca.100
honeybees from each colony in an apiary. The samples were
collected by beekeepers and sent immediately to the laboratory
by express mail, where they were stored at −80 1C until use.
Extraction of viral RNA
From each sample, ﬁve honeybees were homogenized in 3 ml
of sterile PBS solution using a mortar and pestle. The homogenates
were centrifuged for 3 min at 13,000 rpm and the supernatant was
used for RNA extraction with an RNAeasy Mini Kit (Qiagen,
Table 1
The oligo primer pairs selected for RT-PCR, which were speciﬁc to the ORF1 and ORF2 regions of the selected IAPV genotypes.
IAPV genome region Primer name Sequence (5′–3′) Nucleotidea positions Amplicon size (bp)
Nonstructural polyprotein IAPV ORF1 F TGG CTA TAT GGT GAG TCT GG 2223–2242 700
IAPV ORF1 R GTC GTT TTG ATC GAC TTT CAG C 2922–2901
Structural polyprotein IAPV ORF2 F CAG GCT ATC CGG GAG TCG AA 7141–7160 627
IAPV ORF2 R TAG CTG CCA CAG TTC CGA CAA C 7767–7746
a The oligonucleotide positions refer to those in the published complete IAPV sequence (GenBank accession number EF219380; Maori et al., 2007).
Table 2
The oligo primer pairs designed for overlapping sequences to ensure the complete sequencing of the selected IAPV genotypes.
Primer name Sequence (5′–3′) Nucleotidea positions Amplicon size (bp)
IAPV1_F CGT ATG GAG CGG AGA ATA TAA G 15–36 786
IAPV1_R ATA CTC GAG GTC CTT TGT TCT 800–780
IAPV2_F TGA AGA TGG TTT ATG TGG ACC 684–704 683
IAPV2_R TCC TCA AGT TGT GGG ATC AGA 1366–1346
IAPV3_F GGA CTG AAG AAA GGG AAA TCT T 1264–1285 736
IAPV3_R CTT CCA TCT AAA GTA CCA TCC 1999–1979
IAPV4_F CTG AAC TTC AAG TTC TCG TAG 1900–1920 731
IAPV4_R ACA CAG ATC AAC TCT GCG TC 2630–2611
IAPV5_F CCT TAT CCT TTA CAT ATG GCT C 2484–2505 732
IAPV5_R GTC ACG AAC TTG ACG AAG GTA 3215–3195
IAPV6_F TGA ACT AGC CCC TCT TGA GTA 3110–3130 702
IAPV6_R TTA TCT CCA GAT GTC TGT GCT 3811–3791
IAPV7_F CCT TGT GAA TAC TCC TAA GGT 3710–3730 731
IAPV7_R CGT AAA ACG GGT AGA GTG AC 4440–4420
IAPV8_F AAG CAG CGT TAT TGG CCT TC 4330–4349 732
IAPV8_R AGG GTG TAT CCA TAG CAC AT 5061–5042
IAPV9_F GCC CTC TTT GGT ACA TGG TC 4931–4950 808
IAPV9_R CAA CAA TAC GTG TCT GAT CAG 5738–5718
IAPV10_F AGA CTG GAG TAA AAC TGT TCG 5564–5584 788
IAPV10_R TGT TTA TGT CCA GGT GAT CTC 6351–6331
IAPV11_F TAT GGA GCT TTC CAT GCA TG 6251–6270 700
IAPV11_R TGA TGG TAA TGT CCA GCT TC 6950–6931
IAPV12_F CAA CGG CCG ATG CAA ACA A 6862–6880 790
IAPV12_R GAA GCC ACT TCA GAT ATT GGT 7651–7631
IAPV13_F ATG CAT GTC TTG ACT GGC TA 7521–7540 670
IAPV13_R ACA TAG TTG CAC GCC AAT AC 8190–8171
IAPV14_F ACT GAA GTC ATA GAT GCC G 8121–8139 690
IAPV14_R GAG AAG AGT TCG CAA GTT TAC 8810–8790
IAPV15_F GAC TCT ACA GAT GCT GAA ACA 8727–8747 743
IAPV15_R TTT TTT TTT TTT TTT TTT AAT TTT GCC CAC TCT ACC TAG 9469–9449
a The overlapping primer oligonucleotide primer positions refer to those in the published complete IAPV sequence (GenBank accession number EF219380; Maori et al.,
2007).
K.E. Reddy et al. / Virology 444 (2013) 211–217 215Germany), according to the manufacturer's instructions. The total
RNA was eluted in 30 μl of elution buffer and stored at −80 1C
until use.
RT-PCR ampliﬁcation of viral RNA
The puriﬁed RNA was used to synthesize cDNA with an oligo
(dT) primer by the reverse transcriptase method, according to the
manufacturer's protocol (Invitrogen, USA). Two pairs of oligonu-
cleotide primers were designed to amplify partial sequences in the
nonstructural polyprotein region and structural polyprotein region
using an IDT oligo analyzer program (Integrated DNA Technologies,
version 3.1), based on the original Israel reference genome
deposited in the GenBank database (EF219380) by Maori et al.
(2007). The samples were also tested for the presence of six
honeybee viruses, i.e., black queen cell virus (BQCV), ABPV,
Chronic bee paralysis virus (CBPV), Deformed wing virus (DWV),
KBV, and Sacbrood virus (SBV), using primers designed in our
previous study (Choe et al., 2012). Further sets of primers were
designed to amplify overlapping PCR products, which comprised
the complete genome sequence of selected IAPV genotypes from
different geographical regions. The sequences, orientations, andlocations of the primers, as well as the expected product sizes, are
shown in Tables 1 and 2. The oligonucleotides were synthesized by
Bioneer Corporation Ltd (Daejeon, Korea). PCR was conducted
using the gene-speciﬁc primer sets described in our previous
study (Reddy et al., 2013). The ampliﬁed products were electro-
phoresed in agarose gel containing ethidium bromide, visualized
by UV transillumination, and photographed using a Kodak Digital
Science Electrophoresis documentation and Analysis System. The
product sizes were determined by reference to a 100 bp molecular
weight ladder (Enzynomics, Korea).
Nucleotide sequencing and computational analysis
Speciﬁc ampliﬁcation products were excised from the agarose
gel and extracted using a QIAquick Gel Extraction Kit (Qiagen,
Germany), according to the manufacturer's instructions. The pur-
iﬁed products were sequenced by Macrogen (Seoul, Korea). The
consensus sequences were compared with sequences in GenBank
using the Basic Local Alignment Search Tool (BLAST) via the
National Centre for Biotechnology Information (NCBI) website.
The nucleotide sequences of each fragment were compiled and
aligned to build a continuous complete sequence using BioEdit
Table 3
Nucleotide sequence homology (%) of the different genomic regions and the complete genome sequences of Korean (Kr) and other reference IAPV genome sequences.
Blue boxes indicates high homology, and red boxes indicates high diversity with different Korean genome regions and complete genome sequences.
K.E. Reddy et al. / Virology 444 (2013) 211–217216version 7.0.9.0 based on the published Israeli IAPV sequence
(EF219380) as a reference.Construction of phylogenetic trees and analysis of IAPV
Phylogenetic trees were constructed for the 653 bp partial
nonstructural polyprotein region and the 583 bp partial structural
polyprotein region of 24 IAPV genotypes identiﬁed from
A. mellifera in the present study and eight previously reported
A. mellifera genotypes from various countries: Israel1 (EF219380),
Israel2 (EU436455), China (HQ897161), Australia (EU436456),
USA1 (EU436423), USA2 (EU218534), USA3 (EU224279), and
USA4 (EU224280). A phylogenetic tree was also constructed for
the complete genome sequences of three Korean IAPVs and eight
previously reported complete genome sequences. In both phylo-
genetic analyses, a member of the same family (KBV, Dicistrovir-
idae) used as the outgroup. Multiple sequence alignment was
performed using CLUSTALW (Thompson et al., 1997) and phyloge-
netic trees were constructed with MEGA5 (Tamura et al., 2011) by
the neighbor-joining method with Kimura's two-parameter model
(Kimura, 1980), and the bootstrap values were based on 1000
replicates. The differences between the complete genome
sequences of Korean IAPVs and those from other countries were
plotted using SimPlot (version 3.5.1; Ray, 2003) with the two-
parameter (Kimura, 1980) distance model.Nucleotide sequence accession numbers
The IAPV sequences described in this study were submitted to
GenBank under accession numbers KC 690220 to KC690270.Acknowledgments
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